Adulteration of milk fat in raw milk with vegetable oil/ fats with pre-adjusted BR-reading, Reichert Meissl and Polenske values is becoming a common practice in the present scenario of rampant adulteration of milk and milk products. Detection of such type of adulteration using traditional or routine methods wherein physico-chemical constants of milk fat are used as a basis becomes impossible and continues to be a challenge for the dairy industry. Hence, in the present study, relatively rapid and convenient protocol based on Reversed-phase thin layer chromatographic was developed to check the purity of milk fat in milk. Using the Reversed-phase thin layer chromatographic protocol the added adulterant oils (rice bran oil, soybean oil, sunflower oil and groundnut oil) in milk could be detected to the minimum level of 1%.
Introduction
India is the largest milk producer in the world with an annual milk production of 176.3 million tones in 2017 -18 (NDDB 2019 . Nowadays, the Indian dairy industry is growing rapidly and trying to keep pace with galloping progress around the world. A rapid growth in demand and perishable nature of milk is considered to be one of the major reasons for milk adulteration. Milk adulteration is a common food fraud practices and poses a big social problem in today's world and adulteration is mostly motivated by economic greed. Apart from the common adulterants (water, salt, sugar, urea, hydrogen peroxide, pond water, wheat flour, baking soda and formalin), the new trend emerged is to add vegetable oils/ fats or concoction of oils/ fats with pre-adjusted physicochemical constants. Methods like BR-reading, Reichert Meissl (RM-value) and Polenske values (PV), routinely used to check the quality of milk fat, fail to offer any help in the detection of such adulterant fats with pre-adjusted values. Other methods such as apparent solidification time test (Kumar et al, 2008; Patel et al. 2011) have of wide range of values. Triglyceride profiling using gas liquid chromatography (Kala 2013) is time consuming and cannot be used a routine method and is not validated in milk fat of Indian origin. Therefore, in the present investigation, a reversed-phase thin layer chromatographic method (Rani et al. 2015) based on tracer component i.e. â-sitosterol a sterol of plant origin developed for the detection of vegetable oils in ghee was evaluated for its application in milk.
Materials and Methods

Chemicals and reagents
Cholesterol (approx. 99 per cent) and â-sitosterol (approx. 90 per cent) (Sigma-Aldrich Chemie, USA), Phosphomolybdic acid (AR grade, Thomas Baker chemicals Ltd., Mumbai), Petroleum ether (40-60°C) (AR, Glaxo laboratories India Ltd., Bombay), Acetonitrile and Methanol (HPLC grade, s.d. Fine-chem. Ltd., Mumbai, India), TLC Aluminium Sheets Silica Gel 60 RP-18 F 254 s TLC Plates (Merck Specialities Pvt. Ltd. Mumbai). All the reagents were of analytical grade.
Procurement of samples
The refined vegetable oils viz. soybean oil, sunflower oil, groundnut oil and rice bran oil used in the present investigation were purchased from the local market, Karnal. Skim milk and ghee were collected from the Experimental Dairy, Department of Dairy Technology, ICAR-National Dairy Research Institute., Karnal.
Preparation of Adulterant fat emulsion
For the preparation of adulterated milk samples, ghee and vegetable oil were heated separately to 60-70°C for 10 min. The vegetable oil was added to ghee individually to obtain adulterant fat having varying level of adulteration i.e. 5, 10, 15, and 20% levels. Adulterant fat 10 ml was mixed with 0.5 ml diluted teepol (1 part teepol: 1 part water) to get the emulsified fat.
Preparation of adulterated milk Samples
The emulsified fat was used to prepare milk with different fat percentages. To prepare milk with 5% fat, 5g of emulsified fat was added to 95 ml of hot skimmed milk (60-70°C) and mixed for 1-2 min using hand blender. The resultant milk had about 5% of fat. In the same fashion, milk samples with 3% fat percentage were prepared.
Direct saponification of milk 0.2 ml of milk sample was taken in a 15 ml screw capped tube, followed by addition of 5 ml of 5% methanolic KOH incubated for 20 min in a water bath maintained at 90°C. These tubes were shaken intermittently after every 5 min. After 20 min of incubation, the tubes were cooled to room temperature under tap water. One ml of water and 5 ml of hexane were added and the tube was vortexed for 1-2 min followed by centrifugation at 2000 rpm for about 2 min. The upper hexane layer was collected and transferred into a small beaker of about 10 ml capacity followed by evaporation on a boiling water bath to get dried unsaponifiable matter (USM). The collected USM was then solubilised in chloroform and volume was made up to 500µl in an eppendorf tube and kept in a refrigerator until used.
Indirect saponification of milk
Fat was isolated from milk samples (pure and adulterated) by heat clarification method. Forty-five millilitres of pure or adulterated milk samples were taken in a 50 ml capacity screwcapped tube and kept in a refrigerator for 30 min and then centrifuged at 3000 rpm for 20 min. The upper cream layer was removed with the help of a spatula. The cream plug thus obtained was subjected to heat clarification in a beaker over electric heater till the transparent fat was obtained and the residue was slightly brown. The contents were then filtered through muslin cloth so as to obtain the clear fat. Then, the clarified fat was subjected for unsaponifiable matter extraction as per the method standardised by Rani et al (2015) for detection of adulteration in ghee.
Conditions for Reversed-phase thin layer chromatography (RP-TLC) of unsaponifiable matter TLC plates were activated in an oven at 100°C for 1 hour prior to use. RP-TLC was performed as described by Rani et al. (2015) using a solvent system consisting of Petroleum ether: Acetonitrile: Methanol in the ratio of 20:40:40 by volume. The above mentioned solvent system was added to a chromatographic chamber, which was lined with filter paper on the three sides. Chamber was allowed to be saturated for about one hour. Six microliters of the unsaponifiable matter (500 ìl solution in chloroform) was spotted on RP-TLC plate at a distance of about 1 cm from the bottom along with solution of reference standards i.e. cholesterol, â-sitosterol and mixture (â-sitosterol+ cholesterol) as different spots. Then, the plate was introduced into the developing chamber which was saturated with developing solvent, till the solvent front had travelled about three-quarters of the length of the plate. The plate was then air dried and sprayed with 20% of phosphomolybdic acid solution in methanol and then heated in an oven maintained at 100°C for 2-3 min. The reference standards of cholesterol, â-sitosterol and mixture of cholesterol and â-sitosterol showed bluish spots when phosphomolybdic acid was used as a colour developing reagent.
Results and Discussion
RP-TLC profiling of USM extracted from adulterant vegetable oils and pure ghee
Before using vegetable oils as adulterant, all the selected vegetable oils were subjected for unsaponifiable matter extraction. It is evident from the chromatogram (Figure 1 ) that USM extracted from all vegetable oils a prominant spot corresponding to reference standard of â-sitosterol in addition to a faint spot corresponding to cholesterol standard was observed. Vegeatble oils are not supposed to contain cholesterol, so the faint spot corresponding to the cholesterol standard as obtained in chromatogram (Figure 1) , may be of some other sterols like campasterol or vitamin D which is generally fortified in commercial vegetable oils. This indicated that â-sitosterol was the prominent sterol in all the selected vegetable oils. The appearance of â-sitosterol spot in the milk sample was considered as an indicator of the presence of any vegetable oil/fat in milk. However, in case of pure ghee only one band i.e. corresponding to cholesterol standard was observed. The R f value of cholesterol standard was calculated as 0.29 whereas that of â-sitosterol was 0.25 on RP-18 TLC plate.
RP-TLC profiling of USM extracted directly from milk
The USM extracted directly from pure and adulterated milk samples was subjected to RP-TLC analysis using RP-18 plates. It is evident from the chromatogram that minimum level of detection of vegetable oil addition was 5% in case of vegetable oils like rice bran oil, sunflower oil, and soybean oil. Whereas, in case of groundnut oil the minimum level of detection was 7.5 % (Figures  2 to 4) . Since, direct approach of saponification of milk could detectonly 5 and 7.5% added vegetable oils to milk depending rice bran oil adulterated in milk
upon the oil used, therefore another approach i.e. indirect approach was explored to improve the detection level.
RP-TLC profiling of USM extracted from clarified fat
Heat clarification method was generally used by Dairy industry to check the RM and BR reading in suspected milk samples received at the dock. The practice is to centrifuge the received milk at about 3000 rpm for 20 min and then the upper cream layer is removed and subjected for heat clarification at 110°C. In the present investigation also the same approach for fat isolation from pure or adulterated milk samples was applied, isolated fat was subjected for unsaponifiable matter extraction and then subjected for unsaponifiable matter extraction and then subjected to RP-TLC profiling. It is evident from the chromatogram (Figures 5 to 9) that adulteration of milk with vegetable oils like sunflower oil, rice bran oil, soybean oil and groundnut oil could be detected up to 1 per cent level on using indirect approach.
Conclusions
Using the methodology standardised in the present study the minimum level of detection of adulteration of milk with adulterant oils (rice bran oil, soybean oil, sunflower oil, and groundnut oil) was found to be 1 %using RP-18 plates. Since, RP-TLC protocol developed during the study is rapid and easy to perform in any laboratory assessing the quality of milk and does not require any sophisticated instrumentation, so it can be recommended to the legal authorities like FSSAI or BIS for its inclusion in the test methods. 
